Abstract. The task of the investigation is to make the model, the algorithm, the program and the results of the calculations of optimization of the parameters of the bearing sliding of piston pin of the internalcombustion engine. An approximate mathematical model of dynamically loaded bearings of a piston pin of the internal-combustion engine was built up with the account of calculation methods of the statically loaded sliding bearings. The approximate mathematical model describes the relationship of output parameters of bearings of piston pin the operational and structural factors.
Statement of the problem
The development and improvement of internal combustion engines requires the study of hydrodynamic processes of bearings, including bearings of the piston pin. In this regard, the urgent task is to improve the design and operational characteristics of the bearings of the piston pin of the internal combustion engine.
This is a task with many parameters. Some of them are known: the pressure of grease in the bearing of the piston pin; specific heat of the oil; specific gravity of the oil; the diameter of the engine piston. For others, there are known interval constraints: bearing diametrical clearance; dynamic viscosity of the oil; maximum hydrodynamic pressure. Quadrupeds evaluation of dynamic loads of the bearing under conditions of semi-fluid, and boundary friction; increment the temperature of the lubricating layer; the eccentricity; the relationship of the length of the piston head to the diameter of the piston.
The required parameters are: the length of the piston head; bearing diametrical clearance; dynamic viscosity of the oil.
Analysis of recent achievements and publications that have begun to address this issue
The engine is the most complex and expensive Assembly of tractors, cars and other machinery. If the cost of manufacturing an internal combustion engine to take 100%, the cost of its maintenance will be up to 25% for repairs -up to 65%. That is, the cost of maintaining the reliability of the engine in operation is nine times higher than its initial cost. According to experts, 14% of the generated energy is used to overcome friction. Increasing the mechanical efficiency of the internal combustion engine by only 1% will save about 2.5 g of fuel per 1 kW of power per hour.
A significant impact on the technical level of the engine provides lubrication of its mechanisms and assemblies. With a rational lubrication process, the level of friction and wear losses will be minimal, which will increase the efficiency of the engine as a whole. An important role in understanding the mechanism of longevity plays the theory of friction and wear, developed by IP Kragelsky, Bi Kostetsky, N. L. Golego, F. Bowden, D. Tabor. The durability of the engine is limited mainly by friction pairs, the overwhelming share of mechanical losses also falls on friction pairs. An explanation of the phenomena occurring in the lubricant layer of friction pairs is provided by the hydrodynamic theory of lubrication, the foundations of which were laid by N. Podolsky. In the monograph of V. I. Surkin [1] it was shown that at the present time in the development of bearing designs connecting rod head -finger there is a tendency to reduce the amount of oil supplied to them. Most challenging in this way is the preservation of the limit temperature of the bearing below the critical.
Equations, mathematics and algorithm output
In the book of V. I. Surkin [1] an approximate mathematical model is constructed, which describes the relationship of output parameters of piston pin bearings with operational and structural factors. The model is based on the method of M. V. Korovchinsky for hydrodynamic calculation of statically loaded plain bearings [2] . This paper presents an algorithm, a program, and the results of calculations made on the basis of an approximate mathematical model of V. I. Surkin. 
where А1 = 0,0066; A2 = 0,0524; A3 = 0,0152; A4 = 1,085; A5 = 3,3011; A6 = 8,1291 -approximation coefficients;
l/d -is the ratio of the length of the piston head to the diameter of the piston.
The minimum thickness of the lubricant layer is determined by the formula:
k -is the coefficient calculated by the formula: .
The maximum hydrodynamic pressure in the lubricant layer is determined by the expression:
The approximation formula for f /ψ has the form: 
.
where А1 =14,851; А2 = 1,511; А3 = 33,858; А4 = 1,38; А5 = 19,46; А6 = 1,256. The power loss due to friction (the amount of heat released in the bearing per unit time): 
where A1 = 0,3558; A2 = 0,1131; A3 = 0,1833; pм -pressure lubrication. Coefficient taking into account the increase in the lubricant flow through the ends in the presence of two side pockets on the bearing surface:
where A1 = 0,3848; A2 = 0,5276; A3 = 0,0479; а, b -the width and height of the oil pocket.
Dimensionless coefficient of the expiration of lubricant calculated according to the formula: ,
Amount of lubricant flowing through the bearing ends per unit time:
The magnitude of the increment of the temperature of the lubricating layer:
where с -specific heat of oil, γ -the specific gravity of the oil.
The solution of the optimization problem depends on the main requirements for the optimization object. For sliding bearings, such requirements may be: work with a minimum lubrication flow and simultaneously with a minimum temperature increment of the lubricant layer; work with a minimum lubrication flow and a minimum coefficient of friction; work with a minimum relative eccentricity and a minimum coefficient of friction, etc.
The most difficult is to keep the limit temperature in the lubrication layer of the bearing below the critical level. With this in mind, the optimization process searches for such control parameters l, ∆, µ , that would provide the maximum reduction of lubricant consumption Q with a minimum increment of the lubricant layer temperature ∆T. 
where Е -characterizes the accuracy of the search. 5. Moving along the anti-gradient vector and calculating new parameters
When the boundary parameter is reached, the movement on it stops and the value is taken equal to the boundary. 6. Check at each new constraint execution point. If the restrictions are met, the transition to 10 is made. 7. The construction of the constraint functions..
8. The calculation of the gradient of the function q( j; δ; µ ). 9. The movement vector antigradient function q( j; δ; µ ) until then, until all constraints are met.
The calculation of the increment function
Under the conditions of the ∆V ≥ 0 the movement vector V gradient stops. 11. If the restrictions are violated 13. 12. The transition to 3. 13. The output of the results. Optimization of medium-cycle hydrodynamic parameters of the piston pin bearing of the engine is carried out according to the scheme shown in figure 1 . The main structural elements of the scheme are: a mathematical model of the bearing, the input and output parameters, the system constraints, objective function, the search procedure of optimal parameters.
For convenient work with the program, the author has developed an interface. The program interface is shown in the figure 1. 
Оutput
A mathematical model of a piston finger bearing of an internal combustion engine suitable for optimization of its hydrodynamic parameters is developed. The technique of optimization of hydrodynamic parameters of a bearing is created. The algorithm and program of optimization of the piston pin bearing of the engine are developed. With specified constraints and input parameters, the program allows you to calculate the optimal dimensions of the bearing. Results of calculations allow to receive practical recommendations on improvement of designs of bearings.
